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Method of generating stress pulse in tool by means of pres- 
sure FLUID OPERATED IMPACT DEVICE, AND IMPACT DEVICE 

FIELD OF THE INVENTION 

[0001] The invention relates to a method of generating a stress 
pulse in a tool by means of a pressure fluid operated impact device, a rock drill 
or a braker in particular, in which method the tool is arranged to be in contact 
with the material to be struck in order to produce an impact in the material to 
be processed, and pressure fluid is fed to the impact device and discharged 
therefrom in order to use the impact device. The invention further relates to a 
pressure fluid operated impact device, a rock drill or a braker in particular, 
comprising a frame whereto a tool is mountable movably in its longitudinal di- 
rection, the tool, during an impact, being arranged to be in contact with the ma- 
terial to be struck, and means for feeding pressure fluid to the impact device 
and discharging pressure fluid therefrom in order to use the impact device. 

BACKGROUND OF THE INVENTION 

[0002] In prior art impact devices, a stroke is generated by means of 
a reciprocating percussion piston, which is typically driven hydraulically or 
pneumatically and in some cases electrically or by means of a combustion en- 
gine. A stress pulse is generated in a tool, such as a drill rod, when the per- 
cussion piston strikes an impact surface of either a shank or a tool. 

[0003] A problem with the prior art impact devices is that the recip- 
rocating movement of the percussion piston produces dynamic accelerating 
forces that complicate control of the apparatus. As the percussion piston ac- 
celerates in the direction of impact, the frame of an impact device tends to si- 
multaneously move in the opposite direction, thus reducing the compressive 
force of the end of the drill bit or the tool with respect to the material like, for 
instance, rock to be processed. In order to maintain a sufficiently high com- 
pressive force of the drill bit or the tool against the material to be processed, 
the impact device must be pushed sufficiently strongly towards the material. 
This, in turn, requires the additional force to be taken into account in the sup- 
porting and other structures of the impact device, wherefore the apparatus will 
become larger and heavier and more expensive to manufacture. Due to its 
mass, the percussion piston is slow, which restricts the reciprocating frequency 
of the percussion piston and thus the striking frequency, although it should be 
significantly increased in order to improve the efficiency of the impact device. 
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However, in the present solutions this results in far lower efficiency, wherefore 
in practice it is not possible to increase the frequency of the impact device. 

BRIEF DESCRIPTION OF THE INVENTION 

[0004] An object of the present invention is to provide a method of 
generating a stress pulse so as to enable drawbacks of dynamic forces caused 
by the operation of an impact device to be smaller than those in the known 
solutions. 

[0005] The method according the invention is characterized in that 
in the impact device, pressure fluid is fed as pressure pulses to a working 
chamber residing in the impact device between a frame of the impact device 
and the tool such that the pressure of the pressure fluid produces a force be- 
tween the frame of the impact device and the tool, the force pressing the tool 
towards the material to be processed such that due to the influence of the 
force, a stress pulse is generated in the tool in its longitudinal direction such 
that the stress pulse propagates through the tool to the material to be proc- 
essed, the generation of the stress pulse ending substantially at the same time 
as the influence of the force on the tool ends. 

[0006] The impact device according to the invention is characterized 
in that the impact device comprises a working chamber and means for convey- 
ing pressure fluid as pressure pulses to the working chamber such that the 
pressure of the pressure fluid produces a force between the frame of the im- 
pact device and the tool, the force pressing the tool towards the material to be 
processed such that due to the influence of the force, a stress pulse is gener- 
ated in the tool in its longitudinal direction such that the stress pulse propa- 
gates through the tool to the material to be processed, the generation of the 
stress pulse ending substantially at the same time as the influence of the force 
on the tool ends. 

[0007] The idea underlying the invention is that a stress pulse is 
generated directly by means of a pressure pulse compressing the tool and act- 
ing between the impact device, a rock drill or a braker in particular, and the 
tool, so that as a result of the tool being compressed, a stress pulse is gener- 
ated substantially simultaneously with and similar in length to the pressure 
pulse. 

[0008] An advantage of the invention is that the impulse-like impact 
movement thus generated does not necessitate a reciprocating percussion 
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piston which generates a stress pulse by means of its kinetic energy. Conse- 
quently, as a result of the invention, no large masses are moved back and forth 
and the dynamic forces are small as compared with the dynamic forces of the 
reciprocating, heavy percussion pistons of the known solutions. A further ad- 
vantage of the invention is that it is simple, and thus easy, to implement. Yet 
another advantage of the invention is that the operation of the impact device is 
easy to adjust in order to achieve impact performance as desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention is described in closer detail in the accompany- 
ing drawings, in which 

[0010] Figure 1 schematically shows an operating principle of an 
impact device suitable for implementing a method according to the invention, 

[0011] Figure 2 schematically shows a second embodiment of an 
impact device suitable for implementing the method according to the invention, 

[0012] Figure 3 schematically shows a third embodiment of an im- 
pact device suitable for implementing the method according to the invention, 

[0013] Figure 4 schematically shows pressure and stress pulses 
occurring in the impact device and generated in accordance with the method 
according to the invention, 

[0014] Figure 5 schematically shows an embodiment of an impact 
device according to the invention, and 

[0015] Figure 6 schematically shows a fifth embodiment of an im- 
pact device according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] In Figures 1 to 6, like reference numerals identify like com- 
ponents, and their operation and properties will be repeated in the figures only 
when necessary for the understanding thereof. 

[0017] Figure 1 schematically shows an operating principle of an 
impact device suitable for implementing a method according to the invention. 
The figure shows an impact device 1 and its frame 2, and at one end of the 
frame a tool 3 which in its longitudinal direction is movably mounted with re- 
spect to the impact device 1. In order for the impact device to be used, pres- 
sure fluid is fed thereto by means of a pressure fluid pump 4 operating as a 
pressure source via a pressure fluid inlet channel 5. The pressure fluid inlet 
channel 5 is coupled to a control valve 6, which controls the pressure fluid feed 
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to a working chamber 7. In the working chamber 7, a transmission piston 8 
resides between the working chamber and the tool 3, the transmission piston 
being able to move in the axial direction of the tool 3 with respect to the frame 
2. The transmission piston 8 may be a unit separate from the tool, but in some 
cases it may also be an integral part of the tool 3. 

[0018] When being used, the impact device is pushed forward by a 
force F such that an end of the tool 3 is, directly or via a separate connecting 
piece, such as a shank or the like known per se, firmly pressed against the 
transmission piston 8 at least during the generation of a stress pulse. Conse- 
quently, the transmission piston 8 may first have almost no contact with the 
tool, as long as it substantially immediately at the outset of the generation of 
the stress pulse starts influencing the tool. At the same time, the tool 3 is in 
contact with the material to be struck (not shown), such as rock to be broken. 
In such a situation, pressure fluid, by means of the control valve 6, is allowed 
to quickly flow to the working chamber 7 to influence a pressure surface 8a of 
the transmission piston 8 facing away from the tool in its axial direction. A sud- 
den stream of the pressurized pressure fluid to the working chamber 7 gener- 
ates a pressure pulse, and a resulting force makes the transmission piston 8 to 
be pushed towards the tool 3 and the tool to become compressed in its longi- 
tudinal direction. As a result, a stress wave is generated in the drill rod or some 
other tool, and in propagating to the tool end, such as a drill bit, the wave pro- 
duces an impact in the material to be processed, similarly as in the prior art 
impact devices. After a stress pulse of a desired length has been generated, 
the pressure fluid feed to the working chamber 7 is stopped by means of the 
control valve 6, whereby the generation of the stress pulse ends. Subse- 
quently, pressure fluid is allowed to flow from the working chamber 7 via a 
return channel 9 to a pressure fluid tank 10, enabling the transmission piston to 
return to substantially the same the position it had prior to the generation of the 
stress pulse. The lengths in terms of time of the pressure pulse generated in 
the working chamber as well as of the resulting force and, correspondingly, of 
the stress pulse generated in the tool are substantially the same and they are 
generated substantially simultaneously. Adjusting the length and pressure of 
the pressure pulse of the pressure fluid enables the length and strength of the 
stress pulse to be adjusted. The impact properties of the impact device may 
further be adjusted by adjusting the time between pulses and/or feed fre- 
quency of the pulses. 
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[0019] The influence of the force produced in the tool 3 by the 
transmission piston 8 may also be ended in ways other than by stopping the 
pressure fluid feed to the working chamber 7. This may be implemented e.g. 
such that the movement of the transmission piston 8 is stopped against a 
shoulder 2\ in which case the pressure acting behind the transmission piston 8 
is no longer capable of pushing it towards the tool 3 with respect to the frame 
2. Also in this embodiment, pressure fluid is allowed to flow from the working 
chamber 7 via the return channel 9 to the pressure fluid tank 10 so that the 
transmission piston 8 may return to its original position. 

[0020] Figure 2 schematically shows another embodiment of an im- 
pact device suitable for implementing the method according to the invention. In 
this embodiment, the impact device comprises an energy charging space 11, 
which may be located inside the frame 2 or it may be a separate pressure fluid 
tank attached thereto. This alternative is illustrated in broken line 2a, designat- 
ing a possible joint between a separate frame and a pressure fluid tank. The 
energy charging space 1 1 is entirely filled with pressure fluid. When the impact 
device is in operation, pressure fluid is fed to the energy charging space 1 1 
continuously by means of a pressure fluid pump 4 via a pressure fluid inlet 
channel 5. By means of a feed channel 12, the energy charging space 11 is 
further coupled to a control valve 6, which controls pressure fluid feed to the 
working chamber 7. The volume of the energy charging space 11 has to be 
substantially larger than the volume of the pressure fluid amount to be fed to 
the working chamber in one go during the generation of one stress pulse, pref- 
erably at least approximately 5 to 10 times as large. This is due to the fact that 
the larger the ratio between the volumes, the more even the feed pressure dur- 
ing pressure fluid feed, i.e. the pressure of the pressure pulse acting in the 
working chamber. This is because discharge of a small amount of fluid from a 
large volume decreases the pressure in the space in question only to a small 
extent. 

[0021] When being used, the impact device is e.g. pushed forward 
such that an end of the tool 3 is, directly or via a separate connecting piece, 
such as a shank or the like, firmly pressed against the transmission piston 8 so 
that the other end of the tool 3 is in contact with the material to be struck. In 
this situation, by means of the control valve 6, pressure fluid is allowed to 
quickly flow from the energy charging space 1 1 to the working chamber 7 to 
influence a pressure surface 8a of the transmission piston 8 facing away from 
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the tool in its axial direction. A sudden stream of the pressurized pressure fluid 
from the energy charging space 1 1 to the working chamber 7 generates a 
pressure pulse and, further, makes the transmission piston 8 to be pushed to- 
wards the tool 3 and the tool 3 to become compressed in its longitudinal direc- 
tion, thus generating a stress pulse which propagates through the tool, as ex- 
plained in connection with Figure 1 . After the stress pulse of the desired length 
has been generated, the pressure fluid flow from the energy charging space 11 
to the working chamber 7 is cut off by means of the control valve 6 and the 
pressure fluid is allowed to flow from the working chamber 7 via the return 
channel 9 to the pressure fluid tank 10. Figure 2 further shows a space 13 re- 
siding between the transmission piston 8 and the frame 2 of the impact device 
facing the tool 3 away from the transmission piston 8. In order to push the 
transmission piston back, when necessary, after generating a stress pulse, a 
pressure medium, such as a pressure fluid or pressurized gas or a gas mix- 
ture, may be fed to the space 13. The space may also be a sealed space filled 
with gas so that when a stress pulse is generated, the transmission piston 8 
moves in the direction of the tool 3 and the gas becomes compressed to some 
extent. The pressure of the compressed gas, in turn, pushes the transmission 
piston 8 back when pressure fluid is discharged from the working chamber 7. 

[0022] Figure 3 schematically shows a third embodiment of an im- 
pact device suitable for implementing the method according to the invention. It 
comprises an impact device 1 comprising a frame 2 and a tool 3 mounted 
thereto. Co-axially with the tool 3 resides a rotatably mounted control valve 6 
which is rotated around its axis by means of a suitable rotating mechanism, or 
turned rotatingly back and forth. From the pressure fluid pump 4, a pressure 
fluid feed channel 5 leads preferably at a plurality of openings 6a which serve 
as control channels for the valve 6 and which by way of example pass through 
the valve 6, so that the openings 6a, one by one or simultaneously, come at 
the pressure fluid feed channel 5 or channels connected thereto and allow the 
pressure fluid to flow to the working chamber 7, thus pushing the piston 8 to- 
wards the tool 3. As a result, a stress pulse is generated as the tool 3 becomes 
compressed. Similarly, when the rotating valve 6 rotates forward as indicated 
by arrow A, discharge openings 6b located alternately with the openings 6a 
and also serving as pressure fluid channels and by way of example passing 
through the valve 6 come, one by one or simultaneously, at the pressure fluid 
discharge channel 9 or channels connected thereto, so that pressure fluid is 
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allowed to quickly flow from the working chamber 7 to the pressure fluid tank 
10. As a result, the pressure in the working chamber 7, in turn, decreases, and 
the generation of the stress pulse in the tool 3 ends. Instead of different feed 
and discharge openings 6a and 6b, successive openings residing only at one 
point of the circumference of the valve in the direction of the circumference 
may be used via which openings pressure fluid is alternately allowed to flow to 
the working chamber 7 and, correspondingly, when the valve 6 rotates and the 
openings move to another point in the direction of rotation, pressure fluid is 
discharged from the working chamber via the same openings to the discharge 
channel 9. 

[0023] Figure 4 schematically shows a shape and strength of pres- 
sure and stress pulses generated in accordance with the invention. A pressure 
pulse p starts to form when the control valve 6 opens the pressure fluid flow to 
the working chamber 7. Similarly, a stress pulse a starts to form almost simul- 
taneously. As can be seen in Figure 4, the pressure pulse p and the stress 
pulse a are substantially simultaneous and similar in length, although a small 
delay occurs between the pressure increase and the generation of the stress 
pulse. The length of the stress pulse may thus be adjusted by adjusting the 
length of the pressure pulse and, correspondingly, the amplitude of the stress 
pulse by adjusting the amplitude of the pressure pulse. When, in addition, it is 
possible to adjust the time and frequency between pulses, it is in many ways 
simple and easy to control the impact device and adjust the impact perform- 
ance according to the invention. 

[0024] Figure 5 schematically shows a fourth embodiment of an im- 
pact device according to the invention. In this embodiment, a working chamber 
7 of an impact device 1 consists of a separate pressure chamber 7a whereto 
pressure fluid is conveyed in order to generate a stress pulse. The shape of 
the chamber 7a is such that when pressure fluid flows to a working chamber 7 
therein, the shape of the chamber 7a changes such that its dimension in- 
creases in the axial direction of a tool 3. When the tool 3 has been arranged 
against the chamber 7a either directly as shown in Figure 5 or through a con- 
necting element or a connecting piece as shown previously, the change in the 
length of the chamber 7a makes the tool 3 to compress such that a stress 
pulse is generated as described above. Similarly, when pressure fluid is dis- 
charged from the chamber 7a, the dimension of the chamber 7a decreases in 
the axial direction of the tool 3a, and the stress pulse ends. In the embodiment 
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shown in Figure 5, the shape of the chamber 7a is somewhat flat, in which 
case its dimension in thickness changes when the pressure fluid presses its 
outer surface into a more circular shape. Similarly, also other technical em- 
bodiments wherein some dimension of a chamber changes due to the influ- 
ence of pressure are also feasible. 

[0025] Figure 6 shows a fifth embodiment of an impact device 
according to the invention. In order to generate a stress pulse in an impact 
device 1, in addition to a working chamber 7 and a transmission piston 8, this 
embodiment employs a separate transmission element 8' which by way of 
example is shown as a joint mechanism. In this embodiment, the joint mecha- 
nism is at its one end and by means of joints 8" coupled to be supported 
against the frame 2 of the impact device and, at its other end to be in contact 
with a tool 3. The middle joint 8" of the joint mechanism, in turn, is coupled to 
the transmission piston 8. 

[0026] When pressure fluid is fed to the working chamber 7, the 
transmission piston 8, in the situation shown in Figure 6, is pushed to the left in 
the transverse direction of the tool 3, in which case the joint mechanism 
straightens and, consequently, the distance between the extreme joints 8" 
grows. The result is that the tool 3 is being compressed and, due to the influ- 
ence of a pressure pulse, a stress pulse is generated as described above. 
Similarly, when the transmission piston 8 returns when pressure fluid is dis- 
charged from the working chamber 7, the distance between the extreme joints 
8" is reduced, and the tool 3 is allowed to return to its original position. 

[0027] In all embodiments of the invention it is, of course, clear that 
in order to provide a continuous impacting operation, the tool 3 has to be re- 
turned to its substantially pre-impact position with respect to the impact device. 
In certain situations, designated e.g. by Figures 5 and 6, the return may take 
place entirely due to the influence of the impact device's own weight and grav- 
ity. Similarly in these situations, due to the influence of gravity, the tool's end is 
often located against the material to be struck. On the other hand, in situations 
wherein the operational position of the impact device differs from an upright 
and downwards striking one, various means which move the tool with respect 
to the frame of the impact device have to be used for returning the tool. Such 
means for producing a force acting between a separate impact device and a 
tool may be e.g. a separate chamber 13 on the side of the transmission piston 
8 facing the tool 3 as described in Figure 2, whereto pressure fluid or pressur- 
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ized gas may be fed or which may already contain pressurized gas which 
pushes the transmission piston back to a position wherein a stress pulse is to 
be generated therein. Thus, this pressure medium acting in the chamber pro- 
duces a force acting between the frame of the impact device and the tool. In 
solutions wherein the transmission piston 8 is an integrated part of the tool 3, 
the tool naturally moves along with the transmission piston. Similarly, in these 
situations, the impact device has to be pushed towards the material to be 
processed in a manner known per se, either manually or by using different 
booms, feed beams or other structures known per se. 

[0028] In the disclosed embodiments, the invention has only been 
shown schematically; similarly, the valves and couplings relating to pressure 
fluid feed have also been shown schematically. The invention may be imple- 
mented using any suitable valve solutions. The point is that in order to gener- 
ate a stress pulse, pressure fluid is fed to a working chamber at suitable inter- 
vals and as pressure pulses to influence a pressure surface of a transmission 
piston in order to achieve a desired impact frequency so as to produce a force 
which compresses the tool in its longitudinal direction so that a stress pulse is 
generated in the tool, the stress pulse propagating through the tool to the ma- 
terial to be processed. 



